Abstract
INTRODUCTION
Paget's disease of bone (PDB) is a chronic deforming metabolic disorder characterised by increased osteoclastic bone resorption and subsequent erratic compensatory formation of new woven bone of an abnormal microstruc ture [1] . British surgeon Sir James Paget first described PDB in 1877 as a chronic inflammation of bone and termed it "osteitis deformans" [2] . The resultant bone is mechanically weaker, larger, less compact, more vascular, and more susceptible to fracture than normal adult lamellar bone [1] . Although the exact aetiology of PDB remains unknown, both genetic and environmental factors have been suggested [3] . PDB is more common in Europe, North America and Australasia than in Asia and Africa. It is thought to result from a slow viral infection occurring in individuals with a genetic predisposition [4] . PBD evolves through three distinct phases: An initial osteolytic phase, a mixed phase with lytic and blastic features, and a final osteoblastic or sclerotic phase [5] . Its prevalence has been shown to increase with age and the most commonly involved sites include the pelvis, femur, spine, skull and tibia [5] . The pelvis and proximal femur are involved in 20%80% of patients resulting in disabling hip disease [6] . A number of structural bony deformities such as coxa vara, anterolateral femoral bowing and acetabular protrusio are commonly seen in patients with advanced PDB hip arthropathy [3] . When secondary degenerative changes occur in the hip, symptoms may be initially treated with activity and life style modifications, antiinflammatory and antipagetic medications, functional bracing and physical therapy. If these measures fail, total hip arthroplasty (THA) is indicated to manage significant pain, joint stiffness and deformity. If THA is considered, preoperative treatment with bisphosphonates or calcitonin is thought to reduce the incidence of intraoperative bleeding, heterotrophic ossification and loosening, although no randomised con trolled trials exist to support their use [7] . The increased bone turnover and remodelling is associated with elevated levels of serum alkaline phosphatase (ALP), which is used to assess the activity of the PDB and the effectiveness of medical treatment by bisphosphonates [8] . THA in the context of PDB can be a technically challenging procedure because of a number of reasons. The broad spectrum of deformities developing in the hip, including acetabular protrusio, coxa vara and femoral bowing, may hamper dislocation of the hip necessitating a neck cut in-situ. A trochanteric osteotomy may also be required for adequate exposure. A marked deformity of the proximal femur may require a corrective osteotomy to enable adequate femoral component alignment and fixation. The presence of dense sclerotic bone may make reaming and bone preparation extremely difficult. Bone hypervascularity may impair visualisation, require higher than usual fluid and blood replacement, and compromise cement implant fixation. Inability to achieve a dry bone bed for cement interdigitation/microinterlock may compromise longterm implant fixation [3] , which probably explains why the published results of cemented THA in PDB patients appear to be generally poorer than results in other patients [7] . Concerns also exist when using uncemented hip implants in patients with PDB, as the increased bone turnover is believed to predispose to failure of osseointegration and early aseptic loosening in some cases [9] . It is estimated that approximately 3% to 4% of the population over age 50 in the United States are affected by PDB [10] . Although the majority of these patients will not require surgical intervention, those who do, however, represent a unique subset of patients and orthopaedic pathology. When taking into account the exponential increase in the number of THAs performed annually, it can be extrapolated that arthroplasty surgeons will be faced with caring for an increasing number of patients with PDB in the future. It is, therefore, important to recognise the unique problems and challenges inherent to performing THA in patents with PDB. To this end, we therefore performed a systematic review of the literature to determine the method of fixation, failure rates, com plication rates and functional outcome of THA in patients with PDB of the hip.
MATERIALS AND METHODS

Search strategy
MEDLINE and EMBASE were searched on 1/7/2016 to identify relevant studies in the English literature describing the results of THA in patients with PDB between 1980 and July 2016 in line with the PRISMA statement. Keywords used for the searches were "total hip arthroplasty" or "total hip replacement" and "Paget's disease". The bibliographies of all included studies and pertinent reviews were checked carefully for identifying additional studies. We did not contact the corresponding authors to obtain extra data.
Eligibility criteria
Inclusion criteria included all papers, which described the results of THA in patients with PDB published in the English language. Isolated case reports/series with 5 or less patients were excluded. The included articles met the PICO criteria for systematic reviews (Population, Intervention, Comparison and Outcomes).
Data extraction
One reviewer (Sammy A Hanna) extracted data through a standardized data collection form, and then another reviewer (Sebastian DawsonBowling) checked the data for accuracy. Any inconsistent results were handled by discussion. Data of the number of patients, followup period, type of implant, type of fixation, complications, reoperations, revision rate and functional outcome were extracted and entered in a spreadsheet. Figure 1 represents a PRISMA flowchart illustrating the search strategy and number of records screened and included.
Statistical analysis
Fisher's exact test was used to compare the incidence of aseptic loosening and revision THA between the uncemented and cemented groups. A P value of < 0.05 was considered statistically significant.
RESULTS
Search results
A total of 43 relevant article titles were identified. After reviewing the full text, a total of 8 studies [7, 1117] satisfied the eligibility criteria and the search strategy illustrated in Figure 1 . The excluded 35 articles did not meet the PICO criteria. The included 8 studies were small to medium size retrospective case series (n = 1998). The range of followup was 2 to 12.3 years.
Quality assessment
All studies were small to medium size retrospective case series (n = 1998) describing the outcome of THA in patients with PDB of the hip. The range of followup in the studies was 2 to 12.3 years.
Cohort characteristics
The studies included 358 THAs performed in patients with a mean age of 70.4 years who were followedup for a mean of 8.3 years (0.7 to 20). There were 247 cemented THAs (69%), 105 uncemented THAs (29%) and 6 hybrid THAs (2%). The demographics of the patients in the studies are summarised in Table 1 .
Outcome analysis
Functional outcome: All studies reported significant improvement in hip function and patient satisfaction following THA. The Harris Hip Score improved by a mean of 40 points postoperatively (27 to 57) in 5 studies [12, 13, 1517] . The Hospital for Special Surgery Scale improved from 18 to 30 postoperatively in one study [11] . Aseptic loosening: Overall, there were 19 cases of aseptic loosening in 358 cases (5%) at a mean of 8.6 years (1.5 to 20). Three cases occurred in the uncemented cohort (3%) at a mean of 15.3 years (14 to 17) and 16 cases developed in the cemented group (6%) at a mean of 7.5 years (1.5 to 20) (P = 0.2052). There was only one case of failure of osseointegration/early subsidence of the femoral stem in the uncemented patients (1%) occurring at 7 mo.
Revisions rate: There were 27 failures requiring revision surgery in the 358 cases (8%) occurring at a mean of 7 years (0.6 to 20). Six revisions occurred in the uncemented cohort (6%) at a mean of 8.6 years (0.6 to 17) and 21 in the cemented cohort (9%) at a mean of 6.5 years (1.5 to 20) (P = 0.5117). The reasons for failure were aseptic loosening (70%, n = 19), septic loosening (11%, n = 3), periprosthetic fracture (11%, n = 3), femoral stem fracture (4%, n = 1) and instability (4%, n = 1). Table 2 summarises the different complication rates between the cemented and uncemented groups.
DISCUSSION
THA appears to be a generally successful procedure in patients with PDB. The reported postoperative im provement in functional outcome and patient satisfaction is significant in all studies in this review, and is largely comparable to the outcome of THA in other patients [17] .
The overall revision rate was 8% at 7 years with aseptic loosening being the main reason for revision (70%). The revision rate was lower in the uncemented patients (6%) at 8.6 years compared with (9%) in the cemented group at 6.5 years and the incidence of aseptic loosening was higher when cemented implants were used (6%), compared with uncemented porous coated implants (3%). Both differences were not statistically significant (P = 0.5117 and 0.2052 respectively). Aseptic loosening also occurred much earlier in the cemented patients (7.5 years vs 15.3 years). These failure rates are slightly higher than those in other patients undergoing THA [18] . According to the Australian National Joint Registry, a revision rate of > 7.5% at 10 years is considered higher than anticipated [19] . It is important to note that the vast majority of cemented THAs in this review included modifications of the Charnely stem coupled with a conventional ultra high molecular weight polyethylene liner and fixed with first/second generation cementing techniques. This may have contributed to the relatively high failure rates [20] . Cementless implants may have a theoretical advantage over cemented ones in the context of PDB. Cement penetration and interdigitation may McDonald et al [12] 1987 Ludkowski et al [13] 1990 Imbuldeniya et al [7] 2014, Australia be limited in Pagetic bone, which is typically sclerotic and more prone to bleeding. In contrast, many authors believe that the altered bone morphology and increased turnover may hamper osseointegration of uncemented implants [7] . Interestingly, there was only one case in the uncemented cohort (1%) where failure of bone ingrowth/ osseointegration had occurred. This required revision at 7 mo post index surgery.
The overall reported incidence of heterotopic bone (HO) formation was 46% (29% to 65%). It is unclear how the surgical approach to the hip affects this. It is also unclear as to how best to prevent it in terms of dose and timing of radiation and/or chemoprophylaxis [21, 22] . Taking into account the exponential increase in the number of THAs performed annually, it can be extrapolated that arthroplasty surgeons will be faced with caring for an increasing number of patients with PDB in the future. It is, therefore, important to understand the implications of PDB on the medical management of patients, intra operative technical considerations and the outcomes and complications associated with surgery. When planning to perform THA in a PDB patient, a systematic approach is paramount to ensure optimal outcome. The following pre, intra and postoperative considerations need to be adequately addressed.
Pre-operative considerations /requirements
Differentiating mechanical joint pain from Pagetic bone pain is important. Diagnostic injections are a useful tool to confirm the intraarticular origin of the hip pain and to rule our concurrent pathology.
Good quality imaging studies including long leg views ± computed tomography (CT) scans to assess bone morphology and extraarticular deformities. This is important to plan surgery, including the need for any extra intraoperative steps such as corrective osteotomy and to choose the appropriate implants.
Review by a cardiologist is recommended to assess cardiac function and the presence of highoutput cardiac failure. This will likely have anaesthetic implications and may require optimisation prior to performing the surgery.
Preoperative treatment with bisphosphonates or calcitonin reduces intraoperative bleeding by decreasing disease activity. Antipagetic medications should be started at least 6 wk prior to elective surgery. Disease activity can be monitored using ALP serum levels [23] . Preoperative optimisation of Haemoglobin levels is important to compensate for blood loss intraoperatively. Preoperative autologous blood donation may also be considered.
Intra-operative considerations /requirements
Effective blood salvage strategies should be employed including expeditious surgery and the administration of tranexamic acid.
Surgery should be performed through an extensile approach when necessary with liberal soft tissue releases in patients with severe contractures.
Preparation of the femoral side must be performed with caution because standard rasps and reamers may not be effective when used in extremely sclerotic bone. A highspeed burr may be useful to aid in bone preparation. As discussed previously, sclerotic bone may compromise the interdigitation of cement, and uncemented implants may be preferred under these circumstances.
If an uncemented shell is used, it is important to achieve good peripheral rim fit and the use of acetabular screws are recommended to enhance fixation [24] . Concurrent osteotomy to achieve satisfactory femoral component alignment can be difficult. It is advisable to perform the osteotomy in the metaphysis when possible. A previous study has shown that osteotomy performed in a metaphyseal location had a better outcome than those performed through diaphysis [25] . However, the complex nature of the deformity in some of these patients may necessitate diaphyseal, and in some occasions multi planar osteotomies to achieve a satisfactory correction.
Post-operative considerations /requirements
Bisphosphonate treatment should continue if the disease activity high (ALP levels).
It is advisable to administer prophylaxis against HO with preventive measures such as radiation and/or prophylactic drug regimens [21] . The efficacy of indome thacin in preventing HO is well documented [26] . The most common treatment is to give 25 mg three times a day for five to six weeks. Several studies have shown the efficacy of radiation therapy in reducing the incidence of HO following lower limb arthroplasty. The most appropriate dose regimen appears to be 7 to 8 Gy given as a single fraction either < 4 h preoperatively or < 72 h post operatively [26] . The main limitation of this review is that it included studies dating back to 1980, with three of the eight papers included being published in 1990 or earlier. Only two articles were published in the last 10 years. This potentially has an impact the results as dated implants and techniques have poorer survivorship. However, although Paget's disease is fairly common (3%4% of the United States population above the age of 50 are affected) [10] , very limited new information has been published on the topic. With the exponential annual increase of THAs, most arthroplasty surgeons will care for patients with Paget's disease at some point, which makes this review relevant to clinical practice, especially by highlighting the potential challenges and expected outcomes of THA in this unique group of patients.
Conclusion
The findings of this review support the use of THA to alleviate debilitating hip pain and functional limitation in PDB patients with hip arthropathy. Postoperative patient satisfaction and functional improvement is similar to other patients, however, the revision rate is higher with aseptic loosening being the most common reason for revision. Uncemented implants appear to be associated with a lower failure rate. However, there are no studies reporting on the use of modern stem designs fixed using current generation cementing techniques in PDB patients, so caution is advised when drawing any conclusions.
COMMENTS
Background
Paget's disease is a fairly common disorder, which affects approximately 3% to 4% of the United States population over the age of 50. Although the majority of these patients will not require surgical intervention, those who do, however, represent a unique subset of patients and orthopaedic pathology. Hip involvement is common and performing total hip arthroplasty (THA) in this group of patients is technically demanding. There are three main issues the surgeon needs to address during the procedure: How to deal with the structural deformities present in the hip, how to achieve adequate implant fixation in the hypervascular and sclerotic bone, and how to manage blood loss intra-operatively. This review attempts to answer these questions based on current evidence.
Research frontiers
The optimal method of fixation of hip implants in patients with Paget's disease is frequently debated amongst hip surgeons with no clear consensus. The role of Bisphosphonate therapy peri and post-operatively in reducing blood loss is also a controversial issue.
Innovations and breakthroughs
The review supports the use of THA in patients with Paget's disease. The functional benefit after the procedure is similar to other patients undergoing a primary THA. However, the authors found a slightly higher revision rate in tis group of patients, with aseptic loosening being the most common reason for revision. Although uncemented implants appear to be associated with a lower failure rate, however, they did not find any studies evaluating the role of modern polished tapered cemented stem designs in patients with Paget's disease. Caution is therefore advised when drawing any conclusions.
Applications
The results highlight the need for a structured, planned and multidisciplinary approach when managing patients with Paget's disease of bone undergoing THA in order to optimise outcome and reduce the risk of complications.
